Lipoprotein associated phospholipase A2 (Lp-PLA 2 ) -an enzyme with several pro-inflammatory properties -has been hypothesized to be involved in the pathogenesis of atherosclerosis and plaque vulnerability. Lp-PLA 2 activity has been demonstrated to be an independent predictor of coronary heart disease (CHD) and ischemic stroke. However, it has been recently reported that carriers of loss of function variants in PLA2G7 gene (encoding Lp-PLA2) had no lower CHD risk than non-carriers. The Stabilization of Atherosclerotic Plaque by Initiation of Darapladib Therapy (STABILITY), and the Stabilization of Plaque Using Darapladib -Thrombolysis in Myocardial Infarction 52 (SOLID-TIMI 52) studies are two phase III, randomized, placebo-controlled, clinical trials that were conducted to evaluate the clinical efficacy and safety of the Lp-PLA2 inhibitor (darapladib), against a background of optimal medical therapy, in patients with stable CHD and acute coronary syndrome, respectively. In both studies, darapladib failed to reduce the risk of major coronary events as compared to placebo. In addition, darapladib was associated with significantly higher rates of drug discontinuation, and adverse side effects such as diahrrea and malodorous feces, urine, and skin, as compared to placebo. These data suggest that Lp-PLA 2 may be a biomarker of vascular inflammation rather than a causal pathway of cardiovascular (CV) diseases. It also challenges the notion that inhibition of Lp-PLA 2 is a worthwhile approach in patients with CHD. Alternate therapies that target inflammation are awaited to reduce residual risk in patients with CV diseases.
INTRODUCTION
Inflammation plays a crucial role in the pathogenesis, progression, and rupture of atherosclerotic plaques. Lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ) -also known as platelet-activating-factor acetylhydrolase (PAF-AH) -is an enzyme synthesized in macrophages and activated platelets, which co-travels with circulating low density lipoprotein (LDL) particles, and is expressed abundantly in atherosclerotic plaques.
The biological role of Lp-PLA 2 has been controversial ( Figure 1 ) with initial reports demonstrating atheroprotective effects thought to be a consequence of the enzymatic catabolism of the pro-inflammatory mediator PAF and its analogues formed upon oxidation of LDL. 1, 2 However, recent findings have ascribed several pro-inflammatory properties for this enzyme that could be pro-atherogenic; Lp-PLA 2 hydrolyzes oxidized phospholipids generated during LDL oxidation and leads to the formation of lysophosphatidyl-choline and oxidized non-esterified fatty acids, which up-regulate monocyte adhesion molecules and monocyte chemotactic protein-1 that elicit several inflammatory responses.
2,3 Lp-PLA 2 acts preferentially on oxidized phospholipids with no effect on naturally occurring phospholipids in cellular membranes.
In a recent meta-analysis including 79,036 participants in 32 prospective studies, circulating Lp-PLA 2 mass and activity showed consistent and significant association with increased risk of coronary heart disease (CHD). 5 Moreover, Lp-PLA 2 activity has been demonstrated to be an independent predictor of CHD and ischemic stroke -even after adjustment for traditional cardiovascular (CV) risk factors and C-reactive protein. 6 -8 These findings have prompted the development of inhibitors to this enzyme as a potential therapeutic tool in patients with CV diseases. Darapladib is a selective reversible potent oral inhibitor of Lp-PLA 2 activity that has been initially reported to prevent necrotic core expansion -a key determinant of plaque vulnerability -in 330 patients with angiographically documented coronary artery disease evaluated by intravascular coronary ultrasound. 9 This effect was achieved without alteration in serum lipoprotein levels. 9 In line with the clinical utility of genetic studies to predict the success of novel drugs to reduce the risk of CV diseases -such as targeting proprotein convertase subtilisin kexin 9, and Niemann-Pick C1 like 1 protein - 10 -12 , PLA2G7 genetic variants (encoding Lp-PLA 2 ) were analyzed in order to evaluate whether its relation to CV diseases is causal. In addition, several randomized studies have been recently conducted and their results are reviewed here to demonstrate the clinical utility versus futility of the Lp-PLA 2 inhibitor (darapladip) as a novel therapeutic approach in CV management. 
PLA2G7 VARIANTS AND CHD RISK
The exomes of 6325 participants in the Atherosclerosis Risk in Communities (ARIC) study were sequenced in the Human Genome Sequencing Center at Baylor College of Medicine in order to find out PLA2G7 variants that lower Lp-PLA2 activity. The results were recently published in a research letter in the New England Journal of Medicine in January 2015. 13 After an average of 25 years of follow up, loss of function variants had no significant effect on levels of CV risk factors. Moreover, carriers of loss of function variants had no lower CHD risk than non-carriers in the Americans of either European [hazard ratio (HR) 1 13 
STABILITY STUDY
The Stabilization of Atherosclerotic Plaque by Initiation of Darapladib Therapy (STABILITY) trial was a phase III, multicenter, randomized, double-blind, placebo-controlled trial that was published in the New England Journal of Medicine in May 2014. 14 The study aimed to investigate the clinical efficacy and safety of darapladib -when added to standard of care-in patients with stable CHD [prior myocardial infarction (MI), prior percutaneous coronary intervention (PCI) or coronary-artery bypass grafting (CABG), or multivessel coronary artery disease]. A total of 15,828 patients were randomly assigned to receive either a once-daily oral dose of darapladib (160 mg) or matching placebo to be taken with food. The assigned dose of darapladib was expected to lower plasma levels of Lp-PLA 2 by approximately 60%. 9 The primary end-point was the composite of CV death, MI, or stroke. Secondary end-points included major coronary events (a composite of death from CHD, MI, or urgent coronary revascularization for myocardial ischemia); total coronary events (a composite of death from CHD, MI, hospitalization for unstable angina, or any coronary revascularization procedure); the individual components of the primary end point; a composite of all-cause mortality, MI, or stroke; and all-cause mortality.
Over a median follow up period of 3.7 years, the primary end-point occurred in 9.7% of patients in the darapladib group compared to 10.4% in the placebo group (HR 0.94; 95% CI ¼ 0.85 to 1.03; p ¼ 0.20). No significant difference in primary end points was detected in almost all pre-specified subgroups. There was no significant difference in the rates of the individual components of the primary end point or in all-cause mortality between both study groups. Darapladib, as compared to placebo, reduced the rate of major coronary events (9.3% vs. 10.3%; HR 0.90; 95%CI ¼ 0.82 to 1.00; p ¼ 0.045) and total coronary events (14.6% vs. 16.1%; HR 0.91; 95% CI ¼ 0.84 to 0.98; p ¼ 0.02).
Darapladib was discontinued more frequently than placebo (32.7% vs. 26.8%; HR 1.29; 95% CI ¼ 1.22 to 1.37). Patients in the darapladib group discontinued the study drug more frequently than in the placebo group because of diarrhea (3.2% vs. 0.8%), feces odor (2.2% vs. 0.1%), urine odor (1.4% vs. , 0.1%), and skin odor (2.2% vs. 0.1%). There were more serious adverse events of renal failure in the darapladib group than in the placebo group (1.5% vs. 1.1%; HR 1.35, 95% CI 1.03 to 1.78). No significant difference in the number of overall cancers or gastrointestinal cancers was observed between both study groups.
SOLID-TIMI 52 STUDY
The Stabilization of Plaque Using Darapladib -Thrombolysis in Myocardial Infarction 52 (SOLID-TIMI 52) trial was a phase III, multicenter, randomized, double blind, placebo-controlled trial that has been conducted at 868 sites at 36 countries and was published in the Journal of American Medical Association in September 2014. 15 The study was designed to evaluate the efficacy and safety of darapladib -on a background of guideline directed therapy-in patients after an acute coronary syndrome (ACS) event. A total of 13,026 patients within 30 days of hospitalization with an ACS (non-ST-elevation or ST-elevation MI) were randomized to either once-daily oral darapladib (160 mg) or placebo. The primary end point (major coronary events) was the composite of CHD death, MI, or urgent coronary revascularization for myocardial ischemia. Secondary endpoints included the composite of CV death, MI, or stroke; Individual components of primary endpoint; and all cause mortality.
After a median follow up period of 2.5 years, the primary end point occurred in 16.3% of the darapladib group compared to 15.6% of the placebo group (HR 1.00, 95% CI ¼ 0.91 -1.09; P ¼ 0.93). There was no significant difference in the composite of CV death, MI, or stroke between darapladib and placebo groups (15.0% vs. 15.0% at 3 years; HR 0.99; 95% CI ¼ 0.90-1.09; P ¼ 0.78). There were no differences between the treatment groups for additional secondary end points, or in all-cause mortality (7.3% vs. 7.1% at 3 years; HR 0.94; 95% CI ¼ 0.82 -1.08; P ¼ 0.40). These results were consistent across all key subgroups, including those stratified by baseline LDL-cholesterol concentration and baseline Lp-PLA 2 activity level. The rates of discontinuation due to any adverse event were 17% in darapladib group and 12% in the placebo group. Patients were more likely to report an odor-related concern in the darapladib group vs. the placebo group (11.5% vs. 2.5% respectively) and also more likely to report diarrhea (10.6% vs. 5.6% respectively).
DISCUSSION
Lp-PLA 2 has been hypothesized to be involved in the pathogenesis of atherosclerosis through pathways related to inflammation. 3 However, the negative results came from genetic studies 8, 13, 16 suggest that Lp-PLA 2 may be a biomarker that is related to lipoprotein metabolism, vascular inflammation, and plaque vulnerability rather than a causal pathway of CV diseases. In agreement with a meta-analysis by Casas et al, 8 PLA2G7 loss of function variants were not associated with increase in the risk of CHD or CV risk factors. This is supported by the recent disappointing results of Lp-PLA 2 inhibitor (darapladib) which failed to reduce the risk of major coronary events when added to optimal medical therapy in both SOLID-TIMI 52 and STABILITY studies. There was only a small benefit in the secondary end points -a 10% reduction in the risk of major coronary events and a 9% reduction in total coronary events -in the STABILITY study, but the findings were deemed exploratory only, and of uncertain significance in the absence of effect on the primary endpoint.
These data do not argue against the role of inflammation in atherosclerosis but highlight the challenges that are faced during the development of anti-inflammatory agents for secondary prevention of CV diseases. Inflammation is known to be mediated through complex pathways. If a specific mediator is targeted, perhaps there's compensation along others. On the other hand, it may be unfair to demonstrate an incremental benefit for Lp-PLA 2 inhibition beyond existing high level of standard of care for secondary prevention. In both SATBILLITY and SOLID TIMI 52 studies, patients were strictly treated according to international guidelines for secondary prevention of CHD. Moreover, metrics of standard of care were monitored every 6 months, and the importance of adherence to medications was reinforced over the duration of the trial. Statins have been also shown to reduce levels of Lp-PLA 2 by up to 35% 17 , and the extent of the reduction can't be predicted based on LDL-cholesterol levels alone.
It is possible that the coronary risk among patients in STABILITY and SOLID-TIMI 52 may already have been minimized by concurrent therapy, however darapladip failed to reduce the residual risk of adverse CV events that reached up to 16% in study patients.
Regarding the safety profile, the most commonly reported side effects with darapladib were diarrhea and malodorous feces, urine, and skin. There was an increase in the rate of diarrhea among patients receiving darapladib, along with increases in the rates of malodorous feces, urine, and skin; an effect that is thought to be related to the sulfhydryl group in the darapladib molecule. The rate of drug discontinuation in the daraplacib group was significantly higher than in the placebo group in both STABILITY and SOLID-TIMI 52. In the STABILITY study, one in five patients stopped the drug because of adverse events. In addition, there were more serious adverse events of renal failure in the darapladib group than in the placebo group, however its mechanism and clinical significance remains uncertain.
WHAT HAVE WE LEARNED?
The disappointing results of the genetic, STABILITY, and SOLID-TIMI 52 studies challenge the notion that inhibition of Lp-PLA 2 is a worthwhile approach in patients with CHD. Alternate therapies that target inflammation are awaited to improve outcomes and reduce residual risk in patients with CV diseases.
